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Importance of the First Two Minutes of Heart Rate
Recovery After Exercise Treadmill Testing in Predicting
Mortality and the Presence of Coronary Artery Disease

in Men
Michael J. Lipinski, BS, George W. Vetrovec, MD, and Victor F. Froelicher, MD
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e retrospectively analyzed exercise treadmill and
oronary angiographic data of 2,193 men to com-
are heart rate (HR) recovery with angiographic and
ortality data during a follow-up study of 7 � 2.7

ears. Only the first 2 minutes of HR recovery predicted
ortality (p <0.001), and the HR decrease during the

econd minute of recovery predicted the presence of
oronary artery disease (p <0.05). �2004 by Ex-
erpta Medica, Inc.

(Am J Cardiol 2004;93:445–449)

eart rate (HR) recovery as a marker of progn
has been validated in both asymptomatic

ons1 and patients being evaluated for chest pain2–4

hese studies found that patients with a reduced
ecovery were at greater risk of dying than patie
ith a HR that rapidly decreased after exercise. V

eactivation plays an integral part in reducing HR a
xercise, especially during the first 30 seconds.5 Al-

hough the role of autonomic imbalances in card
ortality has been studied,6,7 the effects of� blockers
n HR recovery have only been investigated com

ng patients with known coronary artery dise
CAD), patients with a very low risk of having CAD
nd patients who received a prior heart transpla8

lthough HR recovery has previously been shown
o be a strong predictor of CAD presence,3 recent dat
ave revealed that rapid HR recovery immedia
fter exercise is associated with a lower risk of C
nd cardiovascular disease events.9 The goal of this
tudy was to investigate how angiographically sig
cant CAD, myocardial infarction,� blockers, and
arget HR achievement influence HR recovery in
ients being evaluated for chest pain, and to deter
hether the change in HR during individual minu
f recovery predicts the presence of CAD and p
osis.

• • •
In all, 8,000 male patients underwent treadm

esting at 2 Veterans Affairs Medical Centers betw
987 and 1998. Of these, 3,454 were evaluated
hest pain with coronary angiography within 3 mon
f treadmill testing. Patients who had previous car

rom the Cardiology Division, Veterans Affairs Palo Alto Health Care
ystem, Stanford University, Palo Alto, California; and Division of
ardiology, Virginia Commonwealth University Health Systems, Rich-
ond, Virginia. Dr. Froelicher’s address is: Cardiology Division

111C), Veterans Affairs Palo Alto Health Care System, 3801
iranda Avenue, Palo Alto, California 94304. E-mail: vicmd@

ol.com. Manuscript received July 28, 2003; revised manuscript

aeceived and accepted October 20, 2003.
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urgery or angiography, valvular heart disease,
undle branch block, paced rhythms, or Wolff-Park
on-White syndrome on their electrocardiogram
est were excluded from the study. The remain
,193 patients were selected for survival analy
fter excluding those with previous myocardial infa

ion (MI) by history or by Q waves, there was
iagnostic subgroup of 1,281 patients. Although

otal remaining patients are appropriate for progno
ssessment, evaluation of the diagnostic properti
test should be performed in the subgroup with
I.10

Patients underwent symptom-limited treadm
esting using the US Air Force School of Aerosp
edicine protocol11 or an individualized ramp trea
ill protocol.12 The physiologic distinction of thes
rotocols is that the patient is subjected to sm

requent increments in workload rather than ab
ncreases every 3 minutes. Information gathered

questionnaire enabled maximal exercise to
eached at approximately 10 minutes.13 Patients
eached their target HR if their maximum HR
readmill testing was�85% of their estimated phys
logic maximum HR. This study evaluated 2 eq

ions for age-adjusted maximum HR. The first met
f calculating age-adjusted HR is 220� age and th
lternative method uses 210� (age� 0.80). Although

hese equations perform similarly, this study used
ormula maximum HR/(220� age) �0.85 as an
chievement of target HR to allow comparison w
revious studies.2,4,14 Patients did not perform
ooldown walk, but were placed in the supine posi
s soon as possible after exercise. The reason

ermination of exercise were angina, 2 mm of ab
al ST depression, a decrease in systolic blood

ure, or ominous arrhythmias. Visual ST-segmen
ression was measured at the J junction and corr

or pre-exercise ST-segment depression. An abno
esponse was defined as�1 mm of horizontal o
ownsloping ST-segment depression. Blood pres
as measured manually, and metabolic equiva
ere estimated from treadmill speed and grade

est was classified as indeterminate15; medications
ere not withheld, and maximal HR target was
sed as an end point. The exercise tests were

ormed, analyzed, and reported with a standard
ocol using a computerized database.

HR was measured with the patients in the su
nd standing positions, during each minute of e
ise, at maximum exercise, and in the recovery r

t 1, 2, 3, and 5 minutes. HR recovery was defined as

4450002-9149/04/$–see front matter
doi:10.1016/j.amjcard.2003.10.039
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maximum HR � HR at a specified time period during
ecovery) and represented the decrease in HR during
hat time interval. HR recovery during individual min-
tes of recovery was measured by calculating the
ifference between HR at 1 time point and HR at the
revious minute. Therefore, HR recovery during the
econd minute was calculated by (HR at 1 minute after
xercise � HR at 2 minutes after exercise). Therefore,
his is different from HR recovery after 2 minutes,
hich equals (maximum HR � HR at 2 minutes after

xercise).

TABLE 1 Comparison of Clinical Characteristics of Patient Subgr
�-blocker and Coronary Artery Disease (CAD) Status

� Blocker � � 0
CAD �

(n � 577)
0

(n � 167)
�

(n �

Age 60 � 10 55 � 11 62 �
Body mass index (kg/m2) 27.9 � 4.4 28.1 � 4.7 28 �
Death 21% 7% 24%
Prior myocardial infarct 60% 26% 45%
Severe CAD 41% 0% 53%
Target HR achievement 13% 20% 38%
Angina pectoris 295 (51%) 42 (25%) 408 (
Diabetes mellitus 16% 10% 17%
Current smoker 36% 37% 32%
Chronic obstructive pulmonary

disease
5.0% 4.2% 6.

Hypertension 57% 70% 52%
Hypercholesterolemia (total

cholesterol �220 mg/dl)
48% 41% 41%

Stroke 4% 2% 5%
Digoxin 2% 2% 6%
Congestive heart failure 4% 3% 6%
Left ventricular hypertrophy 3% 3% 3%
Ejection fraction (%) 60 � 13 65 � 11 61 �

Values are expressed as mean � SD or percentages.

IGURE 1. Comparison of the decrease in HR at individual minutes d
atients with and without CAD. HRR � heart rate recovery; Min � m
Coronary artery narrowing was visually estimated s
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and expressed as percent lumen di-
ameter stenosis. Patients with a 50%
diameter narrowing of the left main,
left anterior descending, left circum-
flex, or right coronary arteries or
their major branches were consid-
ered to have significant angiographic
CAD. Severe CAD was considered
to be 2-vessel disease if the proximal
left anterior descending artery was
involved; otherwise, 3-vessel or left
main disease was considered severe.
The 50% criterion was chosen to be
consistent with definitions used by
the Coronary Artery Bypass Graft
Surgery Trialists’ Collaboration.16 In
addition, the Duke coronary artery
jeopardy score was calculated.17

Ejection fractions were estimated
from biplane left ventricular angio-
grams. Decisions for cardiac cathe-
terization were consistent with clini-
cal practice.

The Social Security Death Index
was used to match all of the patients’
names to their Social Security num-
bers. The index was updated weekly,
and the most current records were
used. Death status was determined as
of July 2000 and was 100% com-
plete. No other information regard-
ing hospitalizations, cardiac inter-
ventions, or cause of death during
follow-up was known.

All-cause mortality was consid-
ered the end point for follow-up, and
coronary angiography was per-
formed to diagnose the presence of
CAD. Student’ s t test analysis for
continuous variables and chi-square
analysis for categorical variables
were performed to determine the ef-
fects of � blockers on HR recovery
in groups with and without CAD and
in those who did and did not die.
Results are shown as mean � SD.
Survival analysis was performed us-
ing Kaplan-Meier curves to compare
variables and cut points. Cox propor-
tional-hazards function and logistic

egression were already performed in this population3

nd repeated to measure the effects of � blockers and
arget HR achievement. How well the models sepa-
ated patients with and without a given outcome (ab-
ormal angiogram or death) was assessed by means of
he area under a receiver-operating characteristic
ROC) curve, which ranged from 0 to 1, with 0.5
orresponding to no discrimination (i.e., random per-
ormance) and 1.0 to perfect discrimination. Multiple
egression and proportional-hazards regression analy-
es were performed to determine whether variables

s Divided by

0

)
0

(n � 488)

56 � 11
.7 27.9 � 5

11%
18%
0%

52%
) 109 (22%)

13%
37%
7.0%

43%
33%

3%
5%
6%
3%

65 � 11

g recovery in
te.
oup

959

9
12

43%

9%

14
urin
inu
ignificantly predict end points and whether they rank
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ver other variables. The NCSS 2001 Statistical Anal-
sis Sytem (Keysville, Utah) was used for all statisti-
al analyses.

This male study population had a mean � height of
9.6 � 2.9 in, a mean weight of 191 � 34 lbs, and a
ean body mass index of 28 � 9 kg/m2. Average HR

t rest was 76 � 14 beats/min, with a corresponding
ean systolic blood pressure of 125 � 20 mm Hg.
ith regard to medications, 4.4% reported taking

igoxin, and 34% were taking � blockers. No signif-
cant differences in these parameters were noted be-
ween those who survived and those who died. Over
he mean 7-year follow-up (median 6), 413 patients
ied. There was an average annual mortality of 2%.
haracteristics based on �-blocker and CAD status of

he patients are listed in Table 1.
Of the 744 patients taking � blockers, only 14.2%

chieved their target HR, whereas 42.6% of 1,447
atients not taking � blockers achieved their target HR
p �0.000001). When patients with prior MI were
emoved from the analysis, 16.6% of the 355 patients

IGURE 2. Comparison of the decrease in HR at individual minutes d
atients who either died during follow-up or survived. BPM� beats p
bbreviations as in Figure 1.

TABLE 2 Variables Selected for Multiple Regression Analysis for
Coronary Artery Disease

Variables
Regression Coefficient

(95% CI)

2-min HR recovery �0.003 (�0.005–�0.0003)
Age 0.008 (0.006–0.01)
ST depression 0.13 (0.1–0.15)
Hypercholesterolemia (total

cholesterol �220-mg/dl)
0.13 (0.08–0.18)

Chest pain �0.07 (�0.1–�0.04)
Maximum HR �0.003 (�0.004–�0.002)
Metabolic equivalents �0.008 (�0.017–0.001)
Diabetes mellitus 0.06 (�0.01–0.13)

CI � confidence interval.
aking � blockers achieved target HR, whereas 47.2% w
of 926 patients not taking � blockers
achieved their target HR (p
�0.0001). The percentage of pa-
tients who achieved target HR was
significantly decreased in patients
taking � blockers and in patients
with CAD not taking � blockers. In a
similar analysis, � blockers signifi-
cantly decreased the percentage of
patients that achieved their target HR
regardless of whether they died (14%
for those taking vs 43% for those not
taking � blockers; p �0.0001).
Among patients not taking � block-
ers, a significantly smaller percent-
age of patients who died achieved
their target HR compared with those
who survived (37.3% for those who
died vs 43.9% for those who sur-
vived; p �0.03). However, there was
no difference in achieving target HR
between patients taking � blockers
who either died or did not die during
follow-up.

The differences in HR between 1
and 2 minutes into recovery, 2 and 3
minutes into recovery, and 3 and 5
minutes into recovery were calcu-
lated for each patient. The decrease
in HR during the second minute of
recovery is equal to the HR at 1
minute into recovery minus the HR
at 2 minutes into recovery, and equal
to the HR recovery at 2 minutes mi-
nus the HR recovery at 1 minute
(minute 2 HR recovery � minute 1
HR recovery). This allowed a com-
parison of the rate at which HR de-
creases at individual minutes during
recovery. Figure 1 demonstrates how

R decreases at individual minutes during recovery
or patients with and without CAD. Figure 2 demon-
trates how HR decreases at individual minutes during
ecovery for patients who either died during follow-up
r survived. When this same analysis was performed
atching for � blockers and target HR achievement,

nly the decrease in HR during the second minute of
ecovery was significantly less in patients with than
ithout CAD (p �0.05). Similarly, when matching

or � blockers and target HR achievement, only the
ecrease in HR during the first and second minutes of
ecovery was significantly reduced in patients who
ied during follow-up (p �0.05). When multivariable
egression analysis was performed, the decrease in HR
or the second minute of recovery predicted the pres-
nce of CAD (p �0.05) along with patient age, chest
ain history, hypercholesterolemia, and maximum
R. Table 2 displays the multiple regression analysis

or predicting the presence of CAD. The ROC curve
nalysis, which shows a decrease in HR during the
econd minute of recovery, significantly discriminates

g recovery in
minute; other

diction of

p Value

0.045
0.000000
0.000000
0.000000

0.00001
0.00007
0.10
0.07
urin
er
Pre
hich patients will have CAD (area under the curve
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.61, p �0.001). When performing ROC curve anal-
sis with death during follow-up as an end point, only
R recovery at 2 minutes performed better at deter-

IGURE 3. ROC curve analysis comparing the ability of HR recove
inutes, with the decrease in HR during the second minute of reco
hich patients died during follow-up.

IGURE 4. Comparison of the average number of diseased ves-
els in patients who were above or below the 2-minute HR re-
overy (HRR) cut point of 22 beats, depending on whether the
atient was taking � blockers (BB) or achieved a target HR

THR).

IGURE 5. Kaplan-Meier curves comparing prognostic survival out-
omes in patients separated by whether they had achieved a HR
ecovery of 22 beats at 2 minutes and whether the patient had a
rior MI.
ining which patients would die than the decrease in d

48 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 93
HR during the second minute of re-
covery (HR recovery at 2 minutes,
area under the curve 0.67; second
minute HR decrease, area under the
curve 0.64; HR recovery after 1
minute, area under the curve 0.61).
The area under the curves for the 3
variables were significantly different
from each other, indicating that HR
recovery after 2 minutes performs
better than HR recovery during the
second minute, and that HR recovery
during the second minute predicts
death better than HR recovery after
1 minute. These data are illustrated
in Figure 3. Proportional-hazards re-
gression analysis revealed that the
second-minute recovery was a sig-

ificant independent predictor of mortality (p
0.00001) along with age, metabolic equivalents,
aximum HR, and HR recovery after 2 minutes.
hen comparing average HR recovery, patients with

AD had a significantly decreased HR recovery at 2
31.5 vs 35.3, p �0.001), 3 (40.4 vs 45.5, p �0.001),
nd 5 (42.7 vs 48.5, p �0.001) minutes of recovery.
R recovery at 1 minute was not significantly affected
y whether CAD was present. When controlling for �
lockers and target HR achievement, HR recovery at
, 3, and 5 minutes was significantly less in patients
ith CAD (p �0.05).

To evaluate whether HR recovery is affected by
reater disease burden, the average number of vessels
ith significant disease was calculated using previ-
usly selected cut points. Using the HR recovery cut
oint for 2 minutes, patients with a decrease of �22
eats in 2 minutes had a significantly greater number
f vessels with disease than patients with a HR recov-
ry of �22 beats in all patients except those taking �
lockers who achieved target HR (p �0.05). These
ata are presented in Figure 4. Results were the same
hen using the 5-minute recovery cut point of 30
eats (p �0.05). HR recovery was not significantly
ffected by which coronary artery was diseased, but
nly by how much disease was present.

Prior MI significantly reduced HR recovery during
he second minute (prior vs no prior MI, 18.7 vs 21.7
eats/min, respectively; p �0.001). Three- and
-minute HR recovery was reduced in patients with
rior MI regardless of whether they were taking �
lockers or achieved target HR (p �0.05). Kaplan-
eier curves were also calculated comparing the in-

uence on survival of prior MI with HR recovery at 2
inutes. Figure 5 illustrates the influence on survival

f prior MI and HR recovery at 2 minutes. The main
ndings are that prior MI does not significantly affect
urvival in patients with a reduced HR recovery using
he 22-beat, 2-minute recovery cut point, but signifi-
antly decreases survival in patients whose HR de-
reased by �22 beats after exercise testing.

• • •
The main finding of this study is that the rate of

HRR) at 1 and 2
y determining
ry (
ver
ecrease in HR during the first 2 minutes of recovery
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redicts mortality. However, changes in the rate of
ecrease in HR after the first 2 minutes of recovery are
ot predictive of mortality. Another important finding
s that the decrease during the second minute of re-
overy predicts the presence of angiographically sig-
ificant CAD. This helps explain why HR recovery is
ignificantly reduced in patients with angiographically
ignificant CAD at 2, 3, and 5 minutes after exercise
esting, but not after 1 minute. This finding is also true
egardless of whether the patients were taking �
lockers or achieved target HR during exercise test-
ng. Patients with reduced HR recovery, as defined by
reviously established cut points, had a significantly
reater number of narrowed coronary arteries than
hose without reduced HR recovery. This was shown
o be true regardless of whether the patients were
aking � blockers or whether they achieved a target
R during exercise testing. This study also reveals

hat prior MI decreases HR recovery at 2, 3, and 5
inutes regardless of whether the patient was taking �

lockers or the target HR was achieved. Prior MI
ecreased survival in patients with a normal HR re-
overy, but not in patients with a decreased HR re-
overy. These findings need to be validated in the
eneral population and in populations that undergo a
ooldown period after exercise testing. These prog-
ostic findings support previous studies and reveal
hat HR recovery is a strong predictor of mortality
ndependent of other variables. Our data also support
he belief that a decreased HR recovery in the first 2

inutes predicts mortality and the presence of CAD
ecause of a reduced parasympathetic return.
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